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Remark on the Chaplygin Method for a System of First
Order Partial Differential-functional Equations

Malgorzata NOWOTARSKA

Abstract. In this paper the Cauchy problem for the following system of first order partiat differential
equations is considered '

n

0z'(x, y) . oz"(x, ¥)
T - + Z a;(x, y)
ex i=1 cyj

0.1) =fx,py,z"(x,»,z2), rel

in the zone
) 2= {(x,»): xeR, 0<x<u, yeR"}

where the set of indexes I is arbitrary, that means it need not be finite or countable. For solution of this
system the Chaplygin method is applied. Theorem 2.1 gives a construction of a Chaplygin sequence and
Theorem 2.2 establishes some properties of this sequence, like its monotony and convergence to the
regular solution of system (0.1). The results obtained are a generalization of those given in the paper f1].

1. Notations, definitions and assumptions

We shall use the following notations: if ¥ = (y,, ..., »,) € R” then
Iy} = max{lyilz i=1,..,n}.
Similarly: if Q = {g;;}i,j=1,...,n 1S 7 xn matrix, then
|Q] = max{lg;l: i,j=1L,...,n}.

Definition 1.1. Let I be an arbitrary, not empty subset of R. By # (I) we denote
the Banach space of real functions defined and bounded in / with the norm

Wil = sup{lwl: rel}.

The va]ué of the function we Z (/) in a point r e I will be denoted by the symbol w'.
For a fixed a>0 let

W, = {(x,y)eR""1: 0<x<a,yeR"}.
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Definition 1.2. Let %, denote the Banach sl;ace of mappings
z: Woe(x,y) = z(x,y)e F()
where for every ﬁxed r € I the function |
z Wea(x,y) =2 (x,y)eR

is bounded and continuous in W, with the norm

zl] = sup{||lz(x, )| &: (xay_)e AS

If the set I is finite then z™ is the r-th coordinate of the function z.

In the space &, we also consider the following norm: if X is a fixed number such that
0<X<ua, then for any fixed ze &, we set |

llzllz = sup{llz(x, llz: OSX<X, (x, 1) e W},

For a fixed r e I the symbol @, will denote the differential operator of the form

n

@ a+ il )8
Y, = — adx, y)—.
ox ;xS ay,.

ji=1
We shall consider the, following system of semi-linear partial differential-functional
equations

(1.1) D,2(x,y) = f(x,y,2(x,¥),2), rel
where for every fixed r eI the real function /" is defined in the set W, xRx Z,.
Definition 1.3. A mapping z€ %, is said to be a regular solution of system (1.1)

in the zone W, if for every fixed r eI the function z": W,3(x,y) - z"(x,)eR is of
class C' in W, and the equations of system (1.1) are satisfied in W,.

As in the paper [l], in order to simplify the formulation of theorems we introduce
also the following definition

Definition 1.4. A real function v defined in W, is called the function of class
S(A; K, C,L,,W,) if it is of class C'(W,) and the following inequalities hold true
!U(xs .}’)l S__ D

b A ,
ov(x, ¥y}
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